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OVERVIEW 

 XFEL and LLRF  
 XFEL accelerator overview  

 LLRF system overview in 1 (big) slide 

 
 

 

 

 A few highlights 
 Hardware 

 Operation 

 

 
 

 Schedule and status 
 XFEL schedule 

 LLRF production 

 Outlook 
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INTRODUCTION 

 

 

XFEL accelerator overview 

 

LLRF system overview 
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The European X-ray Free-Electron Laser  (XFEL) 5 

 

 808 superconducting 1.3 GHz TESLA RF cavities 

 101 cryomodules (8 cavities) 

 25 RF stations (4 cryomodules) 

 1 LLRF system / RF station (i.e. per klystron) 

KLYSTRON 

CM1 CM2 CM3 CM4 

LLRF  master LLRF  slave 

  

 
BEAM 
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LLRF architecture for an RF station 6 

RF station: semi-distributed LLRF system 

Section Rack space Redundancy 

Gun, I1, 3H1 16U Full 

Linac 1 28U Full 

Linac 2 28U No 

Linac 3 28U No 
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The MTCA.4 LLRF system 7 

 AMC: Advanced Mezzanine Card 

 RTM: Rear Transition Module 

 12 slots, hot swap 

 Redundant power supply 

 

Vector Modulator  (uVM) LLRF Controller (uTC) 
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The MTCA.4 LLRF system 10 
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Overall LLRF System Description 12 

LLRF 2013 – Oct. 1-4, Lake Tahoe, USA 

Julien Branlard, MSK, DESY 

REFM 

RF Reference Module 
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DCM  
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Talk: K. Czuba  

Talk: U. Mavrič  
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HIGHLIGHTS 

 

 

LLRF System:  

 

A few highlights 
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XFEL LLRF in a Table … 
19” CHASSIS / INFRASTRUCTURE MTCA.4 MODULE SOFTWARE FIRMWARE 

PSM MTCA.4 9U crate LLRF controller IQ detection 

REFM MTCA.4 2U crate FSM AP calculation 

REFM-Interferometer MTCA.4 uRFB BLC Cavity limiters and pre-limiters 

REFM-L2RF MTCA.4 uPM LFF 8/9 IIR filters 

PZ16M MTCA.4 uMCH BBF MIMO 4th order 

LOGM MTCA.4 uCPU DAQ Channel input delay 

CPIM MTCA.4 x2timer Diagnostics server Output rotation and delay 

MO MTCA.4 uADC Klystron linearization Virtual probes 

MO-distribution MTCA.4 uTC Auto QL Online detuning – QL  

TMCB MTCA.4 uDS800 Auto Piezo Channel calibration 

Piezo discharge  MTCA.4  uLOG_carrier Auto tuner Programmable attenuators 

Reference line MTCA.4 uLOG_RF Quench detect KLM 

Interferometer MTCA.4 DAMC02 Energy server DCM control and communication 

Injector racks / shielding MTCA.4 RadMon QL scan PZ16M control and communication 

Temp. controlled Racks MTCA.4 uDWC (1.3GHz & 3.9GHz) Piezo scan Cavity simulation 

Patch panels MTCA.4 uVM    (1.3GHz & 3.9GHz) Tuner scan Board & peripherals (Intern. Interface) 

Outer rack cabling MTCA.4 uKLM-RTM Cavity modes identification LLL 

Inner rack cabling MTCA.4 uHOM-RTM KLM CLK 

Klystron test stand MTCA.4 uDWC-VM Waveguide pressure control DAQ 

MTCA.4 board tests setups MTCA.4 eMCH MO diagnostics DAC 

Chassis & crate system test setups MTCA.4 ePM Performance statistics PCIe 
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HARDWARE HIGHLIGHTS 

 RF backplane: uRFB 
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HARDWARE HIGHLIGHTS 

 RF backplane: uRFB 
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 Extended rear module: eRTM 
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HARDWARE HIGHLIGHTS 

 RF backplane: uRFB 
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HARDWARE HIGHLIGHTS 

 RF backplane: uRFB 
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Talk: K. Czuba  

 Extended rear module: eRTM 
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HARDWARE HIGHLIGHTS 

 uRFB with uLOG 
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 Poster: T. Rohlev 

 

L3 = 21 RF stations 

 42 crates equipped with uRFB + uLOG 

uLOG RF carrier 

Courtesy U. Mavrič , T. Rohlev 
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HARDWARE HIGHLIGHTS 

 8 ch. down-converter 1 ch. up-converter  

uDWC8-VM1 
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RF gun control  

 Poster: M. Hoffmann 

Courtesy M. Hoffmann 
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HARDWARE HIGHLIGHTS 

 Direct sampling fast digitizer: uDS800 

 AMC  

 8x channels 

 800 MSPS 

 Possible applications (HOMs, KLM) 
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OPERATION HIGHLIGHTS 

 XFEL cryomodule LLRF tests* 
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AMTF: Accelerator Module Test  Facility  

* References:  

[1] “LLRF TESTING OF SUPERCONDUCTING CRYOMODULES FOR THE EUROPEAN XFEL” J, Branlard et al., IPAC 2012, New Orleans, USA 

[2] “LLRF TEST OF XFEL CRYOMODULES AT AMTF: FIRST EXPERIMENTAL RESULTS”, J. Branlard et al. SRF 2013, Paris, France 

 

Poster : K. Przygoda  

RF  

TESTS 

LLRF  

TESTS 

42 MV/m (800 usec) ! 

> 700 Hz comp. detuning ! 

LFD compensation 



 

Update on the LLRF system for the European XFEL 

 Improvement of LLRF control performance  

 Beam-based feedback (tested at FLASH)  

 factor of 3 improvement in arrival time jitter  

 Cavity fundamental modes (tested at FLASH) 

 detection & filtering of 8/9 and 7/9 modes 

 A/A < 9x10-5   ,  < 0.008 deg.   achieved 
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Beam-based feedback 

12 fs jitter 

Talk : S. Pfeiffer  
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OPERATION HIGHLIGHTS 

 CW operations with XFEL modules 
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 amplitude regulation: 6 x 10-3 % RMS (in-loop) 

 phase regulation:    0.0098 deg. RMS (in-loop) 

RF FB 

PZ FB 
 microphonics suppression from 70 Hz to < 2 Hz 

 still problems, more evaluation time required 

 

* References:  

“LLRF SYSTEM DESIGN AND PERFORMANCE FOR XFEL CRYOMODULES CONTINUOUS WAVE OPERATION”,  

J. Branlard et al. SRF 2013, Paris, France 

 

Poster : W. Cichalewski  

100 kW   IOT 
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SCHEDULE 

 

 

XFEL and LLRF System:  

 

schedule 
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SCHEDULE 34 

 RF gun commissioning   Oct 2013  

 LINAC1      (4 cryomodules)  Q1 2014  

  installation 

  pre-commissioning follows 

 3rd harmonic cavity testing   Q1 2014  

 1nd cryo-string (12 cryomodules)   Q2 2014  

 … 

 7th cryo-string    Feb. 2015 

 8th cryo-string    Apr. 2015 

 

 Cold commissioning    Jun. 2015 

 LLRF ready for 1st beam    Sep. 2015 

 LLRF ready for nom. beam   Feb. 2016  

   

 

Likely to shift  

~ 6 mo. 
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LLRF MASS PRODUCTION 

 PRR: Project Readiness Review 
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LLRF MASS PRODUCTION 

 PRR: Project Readiness Review 

 Call for tender 

 Licensing companies 
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LLRF MASS PRODUCTION 

 PRR: Project Readiness Review 

 Call for tender 

 Licensing companies 

 Quality control (test stands) 
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Example : 

15 minutes /  uDWC 

x 300 

= 2 weeks 
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LLRF MASS PRODUCTION 

 PRR: Project Readiness Review 

 Call for tender 

 Licensing companies 

 Quality control (test stands) 

 Inventory (database) 
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LLRF MASS PRODUCTION 

 PRR: Project Readiness Review 

 Call for tender 

 Licensing companies 

 Quality control (test stands) 

 Inventory (database) 

 … 

 RFI: Ready for installation 

 RF commissioning 

 Ready for beam 

 Beam commissioning 

 Done ? 

 Upgrades 
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 2014 

2015 

2016 

2017 
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XFEL SNEAK PREVIEW 

 UG3 
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XFEL SNEAK PREVIEW 41 
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XFEL SNEAK PREVIEW 43 
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XFEL SNEAK PREVIEW 
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THANK YOU! 

Thank you for your 

attention ! 
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THANK YOU ! 
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BACK UP SLIDES 47 
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MTCA.4 core LLRF modules 

 MTCA.4 LLRF digitizer: SIS8300L 

 10 ch. digitizer 

 Virtex VI 

 Application firmware block diagram: 

48 

to uTC 
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MTCA.4 core LLRF modules 

 MTCA.4 LLRF controller: uTC 

 Current version 1.3 (Virtex V) 

 Version 2.0 (Kintex VII) 

 0.5 Tbps processing power 

 8x SPF+ on front panel 

 Application firmware block diagram:  
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uTC v.13 
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MTCA.4 HIGHLIGHTS 

 MTCA.4 Piezo driver module: uPZT4 
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XFEL Piezo driver : PZ16M 

AS1

RTM.1/.2/.4

FAIL

Extractor 

Handle

Hot Swap

OK

SW#1

SW#2

SW#3

SW#4

AS2

AS3

AS4

AS1

IN1

IN2

IN3

IN4

AS2

IN1

IN2

AS3

AS4

IN3

IN4

HVPM

HVPM

PZD#1

PZD#2

PZD#3

PZD#4

PZS#1

PZS#2

PZS#3

PZS#4

LP:DAC0

ADC0:PZS:CS

ADC1:IS:OS

LP:DAC1

RTM 

Management

DAC0:SPI
ADC01:SPI

DAC1:SPI

Temperature
Sensors#4

TEMP:SPI

ADC2:SPI

CS(output current sense)
OS(output voltage sense)
IS(input voltage sense)
PZDO(piezo driver output)
PZDI(piezo driver input)
PZS(piezo sensor input)

HVAC(high voltage negative:ac component)
HVDC(high voltage negative:dc component)
HVAC(high voltage positive:ac component)
HVDC(high voltage positive:dc component)

ADC2:HVAC:
HVDC

DC/DC
High voltage

Interlock

Temperature
SensorINTLINTL

MUX

 Courtesy K. Przygoda 
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XFEL LLRF : L2 & L3 51 
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XFEL LLRF : L1 52 
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XFEL LLRF : INJECTOR 53 

 

 DCM:   Drift Calibration Module 

 REFM: Reference synchronization and distribution Module 

 LOGM: Local Oscillator Generation and distribution Module 

 MTCA.4 

 PZ16M: Piezo controller Module (16 cavities) 

 PSM: Power Supply Module 

 

LLRF 2013 – Oct. 1-4, Lake Tahoe, USA 

Julien Branlard, MSK, DESY 



 

Update on the LLRF system for the European XFEL 

LLRF Installations 54 
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LLRF Installations 55 
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LLRF : MASTER OSCILLATOR & REFERENCE 56 
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 Master oscillator  
 room layout in XTIN done 

 acclimatized racks ordered 

 Reference line distribution  
 on-going prototypes performance tests 

 final design done 

 

 

 

 

 Master oscillator temperature controlled rack 

Reference line distribution scheme 

 

 


